I. These were the isotopes used for the present tracer studies Table   of the The first separation and identification of the new elements proved 6 that prior expectations concerning the stability of their tripositive states, their precipitation properties and exchange column elution sequences were correct; in short, that they are chemically very similar to their actinide predecessors,7'8 differing in the manner to be expected for ions of somewhat smaller radius.
The results reported here were obtained in several instances in experiments which were primarily intended to separate and identify isotopes of the new elements rather than to obtain the m a x i m information concerning chemical properties. Since most of the experiments vere essentially indepenaent of each other, a separate introduction and discussion of each experiment is given in the section describing the experiment.
In the experiments to be described, tbe radioactivity of the isotopes of the new elements was normally measured by alpha particle pulse analysis of thin samples from the separated fractions. The sample deposits were made on platinum plates by the evaporation and ignition of the elutrient solutions from resin c o l m~ experiments, and were usua1l.y essentially weightless. In the case of BX249, the soft beta particles were counted in a windowless proportional ccunter (Nucleometer) .
Ion Exchange Separations Column Apparatus. The column apparatus most frequently used 0 is shown in Fig. 3 . The diameter of the resin bed was usually 2 mm.
(where essentially weightless materials were to be separated) . The length was adjusted to give the degree and speed of separation required, but was normally 5 to 6 cm. These column dimensions were employed in the separations shown in Figs. 2a and 2b.
The resin was transferred to the column as an aqueous slurry.
After the bed length had been adjusted, the column was heated to 0 87 Cs by boiling the trichlorethylene and the eluant solution was allowed to flow through at a slow rate (roughly -5 minutes per drop). The air bubbles which developed were removed by stirring the bed. As soon as bubbles stopped forming, the column could be used.
However, if possible, the flow of the eluant was maintained for 24 hours to remove all soluble inorganic materials from the resin, thus reducing contamination of the actinide elements with impurities.
Column Operation. The flow of eluant was interrupted, and the ammonium lactate solution above the resin bed was removed. The space above the resin bed was washed carefully with hot (air-free) distilled water to remove traces of lactate. Finally, two drops of The first drop to fall after the transfer of the ammonium lactate to the resin bed was collected as "drop number 1".
The space above the resin bed was then filled with hot ammonium lactate from the side-tube, the ground glass stopper inserted, the height of the reservoir adjusted to give the desired flow rate (measured in drops per minute).
Effect of Flow Rate. Increasing the flow rate of the eluant did not alter appreciably the volume required to elute a given ion.
It did, however, increase the width of the bands into which the individual elements were separated. Hence, a compromise must be reached between the requirements of speed and completeness of separation. Normally, separations were so complete that there was little 2 point in operating at flow rates of Less than 0.5 ml../min./cm. .
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At flow rates greater than 4 ml,/min./cm. (i.e., 15 seconds per drop from a standard 2 mm. diameter resin bed), the samples accwrmlated faster than they could be conveniently dried, ignited, and analyzed. Figure 4 shows the full-width at half-maximum (half-width)
in drops as a percentage of the drop number of the peak which was obtained for the elution peak of curium at various flow rates. This relation is valid only for the conditions followed here. Obviously, the conditions could be varied to obtain fictitiously narrow half- were used in these experiments.
Eluting Agent. A solution of 2% ethyl alcohol saturated with hydrogen chloride gas (12.5 -M hydrochloric acid STP) was the eluting agent in these studies.
Operations. The columns were packed with the H ' form of the resin so that the resin d dimensions were normally 5 cm. length and 3 mm. diameter. After the resin had been washed with the eluting agent, the excess eluting agent was removed, and the tracer activities to be separated were transferred to the top of the resin column in one drop of eluting agent, which was allowed to flow into the resin. The operation was repeated with a second drop; then, to minimize the trailfng edge of the activity peaks, the space above the resin bed was rinsed with several drops of the alcoholic hydrochloric acid solution. A sufficient amount of eluting agent was transferred to the column and pressure applied to obtain the desired flow rate. was found that californium is delayed relative to curium in elution from columns of Dowex 1 anion resin when 13 -M hydrochloric acid is used as the eluant. Further application of the method has shown that negatively charged chloride complex ions can be produced with all of the actinide elements ranging from americium through element 100. In 13 M -hydrochloric acid solutions the existence of complex ions was barely detectable in americium and curium since these elements were only slightly adsorbed on anion resin as shown by very slightly delayed elution from anion resin columns. The apparent strength of the complex increases with increasing atomic number and the difference between the elements in certain cases is large enough so that the method is, in such cases, a practical and useful means of separation, --
Other Ion Exchange
Studies. An investigation of the behavior of some of the actinide elements in elution from columns of Dowex 1 anion resin using ammonium thiocyanate as eluant has been made.16 A jacketed column (described in section 2) was prepared and loaded by the techniques described in section 3. The elution was performed at 8 7 ' C., using 1.0 -M 2 ammonium thiocyanate. A flow rate of 0.2 ml./cm. /min. was used.
A typical elution curve is shown in Fig. 7 . Berkelium was absent in this experiment; its approximate elution position was obtained in separate experiments, and is indicated by a vertical line in Fig. 7 .
Under these conditions, the rare earths precede curium in elution from the column.
Oxidation-Reduction Behavior
From the general trends of the oxidation potentials of the actinide elements it would not be expected that oxidation shtes other than PI1 could be obtained of elements 99 and 100 in aqueous This postulate has been based to some extent on some unreported work with californium in which an unsuccessful attempt was made to produce a V oxidation state and to carry it with the compound KAmO The conclusion 3" of this experiment was that californium is more difficult to oxidize to the V state than is americium.17 It seems reasonable therefore that oxidation states greater than I11 will be even more difficult to obtain DROP NUMBER with the heavier elements. Bowever, in the case of solid compounds such as the oxides, the increased stability produced by certain crystal structures may enable a PSd oxidation state to be formed.
It is often difficult to interpret the results of a tracer experiment unless a comparison is made with another tracer element whose behavior is known. In the following experiment americium and curium tracer were present and the oxidation of the former to the VI state with simultaneous non-oxidation of the latter and the element 99 tracer permits the conclusion that element 99 is more difficult to oxidize to the VI state than americium under the same conditions. This method has been applied previously in the attempted oxidation of element 9918 with results the same as and nitric acids in a platinum container followed by fuming to dryness was a much more rapid and effective procedure provided elements with insoluble sulfates (such as calcium) were absent. Direct evaporation to dryness and heating to a high temperature in platinum frequently presented difficulties in redissolving the activities.
Best results were obtained by heating the residue on platinum with weak hydrofluoric acid in 10 1 -hyd-rochloric acid or 6 -?I nitric acid.
Such difficulties were primarily dependent on the amount and cornpolsition of solid impurities which were present. It was also found that the new elements could be extracted from large volumes of solutions coctaining lactate by acidifying the solution to a pH of about 1 and then passing the solution slowly through a column packed A study of Fig, 8 shows that departures from a Msimple" elution sequence occur in two positions: (1) Relative to curium, americium is more highly retained by anion resin and less highly retained by cation resin than would be expected.
his effect is just noticeable in the Dowex 50-lactate or citrate elution,) Presumably, therefore, americium has a tendency to form anionic complexes which are stronger or more negatively charged than would be expected from a study of the behavior of curium. (2) Relative to berkelium and element 99, californium is more highly retained by anion resin, less by cation resin, than would be expected. po his effect also is just noticeable in the Dowex 50-lactate or citrate elution.) Presumably californium, like americium, tends to form complex ions which are stronger or more negatively charged than would be expected from the behavior of its neighbors.
In the elution with ammonium thiocyanate, in which this effect is most.marked, berkelium also appears to be more strongly retained by the anion resir, than might be expected from the behavior of curium and element 99. While the anomaly in the elution sequences is here attributed to califol-nium, it must be remembered that a, study of the properties of elements 101, 102 and 103 may later establish that there occurs, in the elements heavier than californium, a "reversalsP in elution order with ammonium thiocyanate (in which element 99
would be "anomalousPP in diverging from this reversed order). Thus if it should be established that the availability of 5f orbitals is important to the formation of coqlex ions iri. the heaviest actinides, the complex ions may decrease in strength at the end of the series due to the unavailability of 5f orbitals, leading to the elution of elements like 103 and 102 early in the sequence,
The first effect, the "reversal" of americium and curium, was reported earlier by Diamond, Street and seaborg19 in studies of the elution sequence of these, and other, elements from Dowex 50 resin with various concentrations of hydrochloric acid, The concept of bond hybridization, utilizing the 5f orbita,ls, was used to explain the greater extent of chloride complex formation in the actinide elements as compared with the lanthanides. The "reversal" of americium and curium was interpreted as due to the greater tendency of americium to utilize 5f orbitals in the formation of chloride coqlexes. The shrinkage of the 5f orbitals in the neighborhood of curium makes them less available for bond hybridization.
In the elements beyond curium, the progressive decrease in the ionic radii might make the 5f orbitals again more available for bond hybridization, so that at least some of the following heavier actinide elements might again form complex ions more stable than those of curium. The smaller ionic radii would themselves increase the tendency of the heavier actinides to form complex ions.
It is more difficult to account for the reversal in elution positions in the neighborhood of californium, which is particularly evident in elutions from anion resin columns. It might, however, be useful to list some of the factors which could influence the elution position of an ion.
(1) The ionic iladius. Small ions will be more tightly bound to cation resins, but will also be more liable to formation of complex ions.
(2) Degree of hydration. Small ions will have larger hydration shells, and will therefore be more sensitive to the fnfluence of and actinide elements will be illuminating in this context, since it seems probable that f orbital hybridization will be a much more important phenomenon in the actinide series than in the lanthanide.
It is also possible that hybridization involving 7p orbitals might begin to occur toward the end of the actinide series. It is worth pointing out that the lanthanide and actinide elements provide an excellent opportunity for the investigation of some of the more subtle aspects of chemical behavior. Small effects may be detected which would be hidden by larger differences in the comparison of less closely similar series of elements.
The authors would like to re-emphasize the existence of unpublished information relevant to the discoveries of elements 99 and 100, as was stated in references 1 and 2. Under these conditions it seems inappropriate to suggest names for the new elements here.
